Black hypertensives present a greater prevalence of left ventricular hypertrophy and an increased mortality compared to white hypertensives. Differences in sympathetic activity might contribute to explain these racial differences in hypertension. Nevertheless, previous laboratory studies did not show any increase of sympathetic activity direct to the heart in black subjects. The aim of the present study was to investigate the cardiac sympatho-vagal balance in black and white hypertensives analysing heart rate variability, during the entire 24 h. We analysed Holter recordings of 52 essential hypertensive patients, who had never received antihypertensive treatment, 26 of whom were black and 26 were white. Consecutive series of 300 beats, with 150 beats overlapped (approximately 600 series/day), were considered for the analysis in time and frequency domain. The mean 24-h value of the power of the low frequency spec-
Introduction
Hypertension is more prevalent among the black than white population. Studies from both the United Kingdom and the United States have confirmed this [1] [2] [3] [4] and have also suggested a greater prevalence of left ventricular hypertrophy (LVH) among black subjects. [5] [6] [7] The mortality of black hypertensives exceeds that of whites, even when the greater prevalence of hypertension is taken into account. [8] [9] [10] It has also been demonstrated that black hypertensives have a blunted nocturnal blood pressure dip compared with whites. 4, 11, 12 These observations are in agreement with the hypothesis that black subjects have a greater sympathetic drive, particularly at night. Calhoun et al 13 reported a significantly greater increase in mean arterial pressure and total minute muscle sympathetic nerve activity during the cold pressure test in normotensive blacks compared to whites. These authors suggested that an increased peripheral sympathetic response to stress might predispose blacks to the development of hypertension. Nevertheless, in the same study the increase in heart rate induced by cold pressure test was similar in the two groups of subjects, indicating that sympathetic drive direct to the heart was not different in the two groups. Recently, Lang et al 14 reported an equal degree of cardiac sympathetoinhibition after clonidine (studied by noradrenaline spillover) in normotensive blacks compared to whites, but a smaller blood pressure decrement in blacks, suggesting that peripheral mechanisms contribute more to blood pressure maintenance in blacks than whites.
Heart rate variability (HRV) is a widely accepted and recently standardised tool to infer autonomic control of cardiovascular function in health and disease. 15 Several studies have reported alterations in the circadian pattern of HRV, analysed in the time and frequency domain, in hypertensive patients compared to normotensive subjects. [16] [17] [18] [19] [20] [21] In particular, we have previously observed that mild hypertensives were characterised by a reduced day-night oscillation of the low frequency spectral component (LF) of HRV compared with controls. 16 The aim of the present study was to investigate the cardiac sym-Journal of Human Hypertension patho-vagal balance, during the entire 24 h, in black and white hypertensives using heart rate variability.
Patients and methods

Study population
We studied 52 essential hypertensive patients, 38 males and 14 females, 26 of whom were black and 26 were white. All subjects lived in West London, UK. Our black population consisted of both West African and Caribbean immigrants and their Britishborn sons/daughters. Our white population was European, largely Anglo-Saxon and Celtic. The black and white subjects were matched for age and clinic blood pressure. In Table 1 the principle characteristics of both groups of patients are summarised. They had never received pharmacological treatment for their hypertension and were not on pharmacological treatment during the study. All patients had normal systolic function determined by two-dimensional echocardiography and no clinical or Doppler evidence of valvular stenosis or regurgitation. Patients were excluded if they had a history of ischaemic heart disease, congestive cardiac failure, peripheral vascular disease, diabetes mellitus, renal failure, alcohol abuse or an abnormal haematological or biochemical profile. Secondary causes of arterial hypertension were excluded by standard clinical investigation.
Blood pressure
The enrolled patients had at least five systolic and diastolic blood pressure (DBP) measurements Ͼ140 mm Hg and Ͼ85 mm Hg respectively, on three different days. Clinic blood pressure was taken to be the third of three seated measurements recorded 2 min apart using an automated monitor (Sentron) and a cuff of suitable size after the patient had been seated for 5 min. Additionally, each patient underwent 24-h ambulatory blood pressure monitor- 99 ± 2 9 6 ± 2 A24 sys day (mm Hg) 147 ± 3 145 ± 4 A24 dia day (mm Hg) 97 ± 2 9 3 ± 2 A24 sys night (mm Hg) 139 ± 4 128 ± 5 A24 dia night (mm Hg) 89 ± 2 7 8 ± 2* IVS (cm)
1.2 ± 0.1
2 ) 129.6 ± 4.9 120.1 ± 5.4 E/A ratio 1.1 ± 0.1 1.0 ± 0.1 BP, blood pressure; A24 sys/dia day/night, systolic/diastolic BP measurements during the day/night in the 24-h ambulatory record; IVS, interventricular septum; PWT, posterior wall thickness; LVMI, left ventricular mass index; E/A ratio, ratio of peak flow velocity of the early filling wave to peak flow velocity of the atrial wave. *P Ͻ 0.05.
ing using Spacelabs 90207 (Redmond, WA, USA) machines, the accuracy of which have been validated. 22 Measurements were made every 30 min throughout the day and hourly at night. Ambulatory monitoring was deemed acceptable if more than 90% of readings were recorded. Mean blood pressure was calculated from the readings over the whole 24-h period. Daytime was taken to be between 06.00 and 24.00 and night-time from 00.00 to 06.00. Hypertensive subjects were also divided into dipper (20 white patients and eight black patients) and nondipper (six white patients and 18 black patients) according to their 24-h ambulatory blood pressure results. The hypertensive subjects whose nocturnal decrease of systolic blood pressure (SBP) was Ͼ10% were classified as dippers, the remainder were considered non-dippers. 20 
Echocardiography
Each patient underwent two-dimensional echocardiography using a phased array sector scanner (General Electric Pass II, 3.3 MHz transducer) using a standardised examination protocol. 23 Interventricular septal wall thickness (IVS), posterior wall thickness (PWT) and left ventricular internal diameter (LVID) were measured from the left ventricular (LV) short axis view with 2D-guided echocardiography. Measurements were made at end-diastole in each of three separate frames in accordance with the Penn convention. LV mass was determined using an area × length method that has been validated in man: 23 LV mass = 1.04 (5/6 (A1 × L1)−5/6 (A2 × L2)) where A1 and A2 represent the epicardial and endocardial areas, respectively, measured by planimetry and L1 and L2 represent the length of the LV from the mitral annulus to epicardial and endocardial borders, respectively. LVMI was determined by dividing LV mass by body surface area. Peak flow velocity E/A ratio was used as an index of left ventricular diastolic function; this was measured as previously described.
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Holter monitoring
All Holter recordings were performed using a twochannel bipolar recorder during a working day. We could not quantify the physical activity of our patients, but a similar daily routine was reported on the diary of both groups. The period 06.00 to 24.00 was considered day and the period 00.00 to 06.00 as night. The electrodes were positioned to obtain leads CM2 and CM5. No other instrumental examinations were done during the day of the Holter recording.
Data analysis
Analogue to digital conversion of Holter recordings was performed at 250 Hz. The RR series (tachograms) were automatically obtained and manually revised, when artifacts or arrhythmia were present, using an appropriate software (AD35 Top V.1.00, Cardioline Remco, Milano, Italy). Consecutive series of 300 beats, overlapped of 150 beats, were considered for the analysis (approximately 600 series/day); a series was discharged if did not contain at least 90 per cent of sinus beats, correctly recognised.
The power spectral density was calculated for each RR series using a recursive autoregressive algorithm, previously described. 25 Two principal oscillatory components were detected: the low frequency component (LF 0.04 -0.15 Hz) and the high frequency component (HF 0.15-0.40 Hz). The spectral results were expressed in absolute values (msec 2 ), in normalised units (nu), and as LF/HF ratio. 26 The normalisation procedure consists of dividing the power of a given spectral component by the total power minus the power below 0.04 Hz, and multiplying the ratio by 100. 25 Long term frequency analysis of heart rate variability was performed for each subject during the 24-h period. The power spectrum was computed over the range 0.0001 to 0.04 Hz (corresponding to the Journal of Human Hypertension very low frequency) using Fast Fourier Transformation and plotted on a log-log graph. The slope (referred to as 1/f slope in the following) of the regression line of the log(power) versus the log(frequency) was determined. It represents the exponent of the power log relationship P = Kf ␣ , where P is the power spectrum density, f is the frequency and K is a constant.
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Statistics
Data were presented as mean ± s.e. The differences between the two groups and between day and night were examined with two-tailed unpaired and paired Student's t-test respectively. Pearson's coefficients were used to examine the correlation between the heart rate variability results and the independent variables considered. Multiple linear regression was accomplished using SigmaStat software (Jandel Scientific Corporation San Rafael, CA, USA). Both normality and homoscedasticity tests were verified.
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A P value Ͻ0.05 was considered statistically significant.
Results
The 24-h mean RR interval was similar in black and white hypertensive patients (801 ± 32 and 846 ± 29 msec respectively). A clear day-night pattern of heart rate was present in both groups (Figure 1) . No significant differences were detectable in the total power between the two groups of patients (black hypertensives 4060 ± 507 msec 2 , white hypertensives 4164 ± 398 msec 2 ; Figure 1 ).
Short-term variability
The mean 24-h value of LFnu power was significantly lower in the group of black patients compared to whites (respectively 40.0 ± 2.1 vs 53.6 ± 3.6 nu, P Ͻ 0.01; Figure 1 ). The LF power expressed in absolute units was also significantly lower in black compared to white hypertensives (respectively 422 ± 57 vs 764 ± 121 msec 2 , P Ͻ 0.05). The respiratory related component (HF) was not significantly different between the two groups (respectively 34.6 ± 2.3 and 29.1 ± 2.4 nu; Figure 1 ). The LF/HF ratio observed in blacks was significantly lower than that observed in white hypertensives (respectively 4.11 ± 0.58 vs 5.98 ± 0.79, P Ͻ 0.05).
In a multiple linear regression analysis the following independent variables were considered: DBP, LVMI, race and age. In this linear combination, only race (P Ͻ 0.002) and age (P Ͻ 0.01) could independently predict the LFnu power, as dependent variable. The same result was obtained in a multiple linear regression analysis considering the LF/HF ratio as the dependent variable (race P Ͻ 0.01; age P Ͻ 0.02).
Regarding the day-night pattern of the frequency domain variables black and whites hypertensives presented a blunted circadian dynamic of both LFnu component (respectively, delta LFnu black patients 6.61 ± 2.32 nu; delta LFnu white patients 5.49 ± 3.61 nu; Figure 1 ) and LF/HF ratio (respectively 2.64 ± 0.59 and 3.08 ± 0.95; Figure 1) . Moreover, no differences were detected between dipper and non-dipper hypertensive patients (delta LFnu dipper 6.06 ± 1.74, non-dipper 6.85 ± 2.56), also when considering whites and blacks separately. A weak but significant negative correlation was detected between the day-night difference of LFnu and the DBP values (r = −0.31; P Ͻ 0.05), but not between the day-night difference of LFnu and SBP (r = −0.23) or the left ventricular mass index (r = −0.19).
Long-term variability
The linear relationship between log power and log frequency, in the range from 0.0001 to 0.04 Hz, produced a coefficient of regression (r) higher than 0.80 in all the patients studied. The 1/f slope, considered an index of the complexity present in HRV over the 24 h (Figure 2 ), resulted similarly in black and white hypertensives (−1.039 ± 0.024 blacks; −1.071 ± 0.028 
Discussion
In the present study the 24-h power of the LF spectral component and the LF/HF ratio resulted significantly lower in black compared to white hypertensives. The normalised power of LF spectral component has been considered a sensitive marker of sympathetic modulation in healthy subjects. 15, 26, 28 Similarly, the LF/HF ratio is widely accepted as a marker of the sympato-vagal balance modulating the heart. Accordingly, black hypertensives seem to be characterised by a shift of the sympatho-vagal balance towards a reduced sym-pathetic modulation of heart period. An increased parasympathetic modulation of heart period could also be responsible for the observed results, but our data do not allow this type of speculation since the HF component, a marker of vagal modulation, resulted to be similar in both groups of hypertensive subjects.
Increased sympathetic activity in black hypertensives could have explained the greater prevalence of LVH and the increased mortality in these patients. On the other hand, the previous experimental observations did not detect any increased sympathetic activity direct to the heart in black compared to white subjects. 13, 14 The results of the present study indicate that, also during the 24-h normal daily life, black hypertensives were not characterised by an increased sympathetic activity direct to the heart compared to white hypertensives. Therefore, other mechanisms, probably related to peripheral vascular resistance, could explain the higher prevalence of hypertension in black people. 29 This latter hypothesis agrees with the recent reports about difference in pharmacological responsiveness between black and white hypertensives. Indeed, black hypertensives are less responsive to beta-blockers 30 but more responsive to alpha-blockers compared to white hypertensives of the same age. 31 In conclusion, the previous experimental observations of an absence of sympathetic overactivity directed to the heart in black hypertensive are confirmed during the 24-h daily routine. This finding suggests that some other factor, normally involved in the complex pathogenesis of hypertension, plays a more important role in hypertension of black people. Whether this factor may simply involve the time evolution of the disturbance is one issue requiring further research.
